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Abstract. The paper presents the process of carrying out simulations of the operation of 
electronic elements by means of software packages Multisim and LTspice. Using the software, 
students can test a possibility of replacing real measurements by results obtained from a 
simulation. The can reach the relevant conclusions by comparing the results and analysing 
the data obtained. In this way students gain experience needed for carrying out a didactic 
project in a creative way.  
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Introduction 
 
Programme LTSpice is a free app manufactured by Linear Technology 
Corporation®. It is used for constructing electronic systems and performing 
simulations on them. Equipped with an ample library of electronic components 
and subsystems, it offers a possibility of constructing fairly complex systems 
(Jędrzejczyk, 2017). The inventory of components can be expanded by installing 
new libraries provided by the app producer.  
To insert an electronic component into the simulation screen, one has to 
select this component from a menu or using a keyboard shortcut (Prauzner, 
2013). After the components have been placed in the simulation window, they 
have to be connected in accordance with the diagram of the measuring system 
(Prauzner, 2013).  
Another program intended for constructing electronic systems and their 
simulation is NI Multisim manufactured by National Instruments Corporation®. 
It includes an extended base of subsystems consisting of about 20,000 
components, both real and ideal. They can be used for constructing highly 
complex electronic systems (Ptak, 2016). The program is more extended and 
offers wider possibilities that the similar in application LTSpice. Multisim has 
an in-built drag and drop mechanism for inserting and measuring electronic 
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components into a simulation by choosing these components from scroll-down 
menus, in which the available components are displayed (Ptak, 2017). 
Simulations carried out in Multisim are interactive, and it is possible to modify 
the parameters of input and output signals during a simulation and to observe 
how such modifications affect the operation of the systems under scrutiny 
thanks to the in-built measuring and registering systems (Jakubiec, 2017). The 
signals which are being measured can be also observed on the screen of an in-
built oscilloscope and recorded as graphic files (Prauzner, 2016). 
 
 
 
Figure 1. Presents an example of a system constructed in the LTSpice environment 
(University of Evansville, 2009) 
 
Some of the measuring instruments are real devices, which are built into 
the simulation program together with a realistically looking control panel. 
Modifying parameters of the system during its operation and observing the 
results of such modifications resemble the work in a real electronic laboratory 
with real measuring equipment (Prauzner & Ptak, 2014). Fig. 2 presents an 
example of an electronic system constructed in the NI Multisim environment. 
Two measuring systems were constructed to perform a task involving the 
testing of a semiconductor diode and a transistor. The system designed for 
testing the diode was constructed in LTSpice and also in NI Multisim. The other 
system for testing a bipolar transistor was likewise constructed in LTSpice and 
then in NI Multisim. Constructing the same measuring system in both software 
packages was justified by the need to check whether and to what extent such 
applications can replace laboratory measurements of real electronic components, 
and if yes, whether the results so obtained are comparable with those from 
laboratory measuring instruments. 
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Figure 2. Electronic system created in NI Multisim Measurements carried out in labs 
and simulated in programs (Chavarin, 2015) 
 
 
 
Figure 3. Procedures for inserting electronic components to the simulation screen in 
LTSpice 
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Fig. 3 presents the procedure of inserting electronic components to the 
simulation from the base available in LTSpice, and Fig. 4 shows a selection of 
electronic components used for a simulation in NI Multisim (Jędrzejczyk, 2017). 
 
 
 
Figure 4. Selection of electronic components for a NI Multisim simulation 
 
Fig. 5 presents the system designed for carrying out measurements on the 
semiconductor diode constructed in the LTSpice package and Fig. 6 presents the 
same system constructed in the program NI Multisim (Jędrzejczyk, 2017). 
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Figure 5. System for measuring the parameters of a semiconductor diode created in 
LTSpice 
 
 
 
Figure 6. System for measuring the parameters of a semiconductor diode created in NI 
Multisim 
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After the measurements using the two software packages were performed, 
their results were written down in tables and represented as graphs comparing 
the lab results of real measurements with the simulation results. Fig. 7 presents a 
comparison of real vs. LTSpice results, whereas Fig. 8 real vs. NI Multisim 
results. 
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Figure 7. Comparison of the results obtained in the program LTspice with those obtained 
in real measurements on a semiconductor diode type 1N4002 
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Figure 8. Comparison of the results obtained in the program NI Multisim with those 
obtained in real measurements on a semiconductor diode type 1N4002 
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As indicated by analyses, the characteristics representing the measurement 
results and those representing the simulation results are similar, with the latter 
being shifted vertically by a constant value. This is caused by the fact that the 
electronic components used in the simulations have ideal characteristics and 
inaccuracies and errors of real measurements are disregarded.  
The other element put under test was a bipolar transistor in a measuring 
system. The task involved measuring the values of current at the transistor’s 
base and collector for various values of resistance at the base and various values 
of voltage supplying the collector. Two measuring systems were created for this 
purpose, one in LTSpice and the other in NI Multisim. Figs 9 and 10 present the 
two bipolar transistor measuring systems constructed in LTSpice and in NI 
Multisim, respectively (Jędrzejczyk, 2017). 
 
 
 
Figure 9. System for measuring the parameters of a bipolar transistor created in 
LTSpice 
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Figure 10. System for measuring the parameters of a bipolar transistor created in NI 
Multisim 
 
The results of laboratory measurements and results obtained from 
simulations carried out in the software packages were written down in tables and 
represented as graphs, so that they could be subjected to analysis. Fig. 11 shows 
a comparison of results obtained from a LTSpice simulation to laboratory 
measurement results, whereas Fig. 12 juxtaposes NI Multisim simulation results 
with laboratory measurement results.  
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Figure 11. Comparison between results of a LTspice simulation and results of real 
measurements on a bipolar transistor type 2N2222 
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Figure 12. Comparison between results of a NI Multisim simulation and results of real 
measurements on a bipolar transistor type 2N2222 
 
Concluding results 
 
The research presented in this paper indicates that the results obtained from 
simulations carried out in the two software packages, i.e. LTSpice and NI 
Multisim are close to those obtained in laboratory measurements. It can be noted 
that the shapes of the characteristics are similar, but the values are shifted with 
respect to each other. The shift can be attributed to interfering factors and 
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variable parameters of electronic elements used in real measurements (Prauzner, 
2012).  
Having analysed the results obtained, it can be assumed that software 
packages can be successfully applied for simulating the operation of electronic 
systems (Zloto et al., 2012; Olesiak, 2017; Migo & Noga, 2015). Even though 
the results obtained in simulations do not accurately correspond to the real 
laboratory measurements, they sufficiently well represent the operation and 
parameters of the electronic components under test (Ptak, 2015; Ptak, 2014; 
Prauzner & Ptak, 2010).  
Simulation software provides an excellent tool to complement the 
traditional measuring techniques employed in laboratory classes. They can be 
used by students to get prepared for the classes and to analyse the operation of 
electronic systems when they process results obtained in a lab (Krzywanski et 
al., 2017; Depesova et al., 2008; Noga, 2009). When it is not possible to perform 
measurements on real elements, e.g. due to a breakdown of a measuring stand, 
the work can be done using the software packages, both LTSpice and NI 
Multisim. Additionally, they can be used for carrying out complicated tasks 
involving creative experiments as it minimises possible damage to costly 
equipment and electronic components (Noga et al., 2014; Prauzner, 2015; 
Prauzner, 2017). 
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